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PREFACE
This report describes activities performed during the examination of historical data regarding measures of US Air Force pilot candidate aptitude and training outcomes (711 HPW/RHCI), Work Unit 53290902.
The opinions expressed are those of the authors and not necessarily those of the United States Government, Department of Defense, or the United States Air Force. Address all correspondence to Dr.
Mark Teachout at teachout@uiwtx.edu. v
SUMMARY
Distinctions between tests of general cognitive ability (g) versus specific abilities (s) have been investigated for over a century. The similarity of two tests designed using two theories was examined. The Multidimensional Aptitude Battery used the individual differences psychometric approach while the MicroCog used a brain-behavior relationships approach. Both tests were administered to 10,612 participants. Correlations suggested the tests shared a common source of variance for the constructs measured. Confirmatory factor analyses established this and a hierarchical structure with g at the apex. The test designed to measure specific abilities (MicroCog) measured a single factor, g. Although different theories underlie their respective construction methods, results indicated the two tests measured much in common; that is, two theories, one outcome.
INTRODUCTION
For over a century, a major area of research has involved the distinction between tests that measure general cognitive ability (g) and tests designed to measure specific abilities (s). The measurement of general and specific abilities reflects two different test construction approaches driven by different theories. These approaches should produce results consistent with each underlying theory, yet different from one another. The constructs measured should reflect these differences. Research on traditional cognitive ability tests developed using an individual differences psychometric approach, has shown that they have a hierarchical structure with g at the apex and are good predictors of occupational performance. There has been extensive research on tests intended to measure specific abilities (s) constructed using different underlying theoretical approaches. Results suggest that when examined for g, these specific abilities approaches also largely measure g (Murphy, 2009 ). Further, s adds little to the prediction of occupational performance beyond g (e.g., Ree & Earles, 1991; Ree, Earles, & Teachout, 1994) . The current study examined two tests designed using different underlying theoretical approaches to determine the extent to which each test measured what it purports to measure, general vs. specific abilities. These two approaches were the traditional individual differences psychometric approach, exemplified by the Multidimensional Aptitude Battery (MAB-II; Jackson, 1998) and an approach based on physiological theories of brain-behavior relationships (Kaplan, 1988) , exemplified by the MicroCog (Powell, Kaplan, Whitla, Weintraub, & Funkenstein, 1993) .
Test Construction Approaches
2.1.1 Individual Differences Psychometric Approach. The traditional individual differences psychometric approach is based on decades of well-established research in ability testing. Tests are developed across a broad range of content (e.g., verbal, math, perceptual) and are intended to measure the abilities represented by the content domains. The information is used to make distinctions among individuals. While this approach was not designed with the intent of measuring general cognitive ability, research has shown that tests designed with this approach measure these content domains and contain a substantial measure of g (Jensen, 1998) .
Galton (1869) proposed a general ability factor, later operationalized by Spearman (1904 Spearman ( , 1927 in his two-factor theory of ability. The first factor was general cognitive ability (g); the second was specific (s) to each test, measuring a specific content. Since Spearman's (1904 Spearman's ( , 1927 early work, almost a century of research has confirmed the nature and validity of cognitive ability tests. For example, Vernon (1950 Vernon ( , 1969 demonstrated the hierarchical structure of multiple aptitude batteries, with g at the apex. Numerous studies have confirmed the structure of cognitive ability, demonstrating the pervasiveness of psychometric g (e.g., Jensen, 1998; Ree & Carretta, 1994) . The validity of g has been well documented as the best predictor of academic performance in 4,096 studies conducted with the Differential Aptitude Test (McNemar, 1964) and for numerous occupational criteria where meta-analyses found that the primary source of validity is g (Hunter & Hunter, 1984) . Specific cognitive abilities have added little to the validity of ability tests beyond g (Jensen, 1980 (Jensen, , 1998 McNemar, 1964; Ree & Earles, 1991 Ree, Teachout, & Carretta, 2013) .
Specific Abilities Approach.
In contrast to the individual differences psychometric approach, the specific abilities approach is designed to intentionally produce distinct measures of specific abilities. Tests are developed within a narrow range of specific domains congruent with specific content, processes, or cognitive components. Specific cognitive contents include verbal, math, spatial, perceptual speed, reasoning, and mechanical. Specific cognitive processes include stages of information processing, such as acquisition, processing, and retrieval. Cognitive components include declarative and procedural knowledge, working memory, and information processing speed. Subtests are developed and administered to measure the abilities represented by each specific domain, and the information is used to make distinctions among individuals. Unlike the individual differences approach, specific ability theories attempt to measure and demonstrate the unique existence of specific abilities (e.g., Kyllonen, 1994) .
Early challenges to g have included Hull (1928) and Thurstone (1938) who proposed that specific abilities could compensate for g. Between WWI and WWII, many theorists shifted to a multiple abilities perspective, giving rise to multiple aptitude batteries (e.g., Air Force Officer Qualifying Test, Armed Services Vocational Aptitude Battery, Differential Aptitude Tests, General Aptitude Test Battery). While these batteries were constructed with the intent to measure specific abilities, subsequent research indicated they contained substantial amounts of g (Jensen, 1998) .
Recent approaches have been used to develop tests of specific abilities. Kyllonen (1993 Kyllonen ( , 1994 focused on the measurement of cognitive components (i.e., declarative knowledge, processing speed, procedural knowledge, and working memory). A neuropsychological approach based on theories of brain function and underlying brain-behavior relationships emphasizes the distinction between different cognitive domains and their underlying cortical networks (Powell et al., 1993) .
Joint Relationships of Two Measures of Ability
Several studies have examined relationships between two ability tests using the individual differences psychometric approach. Sperl, Ree, and Steuck (1992) examined the relations between the verbal and math tests of two military multiple aptitude batteries, the Air Force Officer Qualifying Test (AFOQT) and the Armed Services Vocational Aptitude Battery (ASVAB), finding a canonical correlation of .93, indicating a high level of common variance. Carretta, Retzlaff, Callister, and King (1998) studied the relationship between the hierarchical factors of two multiple aptitude batteries, the MAB-II and the AFOQT, finding that both tests had a higher order factor (g), with a correlation of .98 between the higher order factors. In a joint confirmatory factor analysis (CFA) of the Differential Abilities Scales and the WoodcockJohnson Tests of Cognitive Abilities, Sanders, McIntosh, Dunham, Rothlisberg, and Finch (2007) demonstrated a hierarchical structure with g at the apex. Results from these studies indicated that psychometric g underlies these ability tests.
Few studies have investigated the joint factor structure of measures of ability comparing the individual differences psychometric approach to the specific abilities approach. Kyllonen (1993) examined the relationships between the ASVAB, a multiple abilities battery, and a battery of specific cognitive components. He found that working memory was related to g, and asserted that working memory is the general factor in cognition. Extending Kyllonen (1993) , Stauffer, Ree, and Carretta (1996) examined the common sources of variance across the two tests and found that both measured g, with the higher order factors correlated at .99. Similarly, Keith, Kranzler, and Flanagan (2001) compared two tests using differing theoretical approaches. The Woodcock-Johnson III Tests of Cognitive Abilities is an intelligence test based on the individual differences psychometric theory (Woodcock, McGrew, & Mather, 2001 ). The specific test battery was the Cognitive Assessment System (Naglieri & Das, 1997) , based on the Planning, Attention, Simultaneous, and Sequential processes theory of cognition. Keith et al. examined several CFA models from both theoretical approaches. Results indicated that the hierarchical factors measured g at the apex and were correlated at .98. In summary, both studies found that the tests measured g, regardless of theoretical approach.
Purpose
This study compared the relationships of two tests based on different theories of ability.
Research evidence indicates the MAB-II, which is based on the individual differences psychometric theory, measures g. The MicroCog purports to measure specific abilities based on brain function and brain behavior relationships, not cognitive ability. No published studies have assessed these relationships. If these two theoretical approaches are distinct, the two tests should measure distinct constructs and should not be highly correlated. If they are highly correlated, this suggests that the two tests measure similar constructs. Further, if the MicroCog measures specific abilities, its structure should reflect these specific abilities. The MicroCog should not have a general factor that influences all of its measures. Finally, specific factors in the MicroCog should not correlate highly with measures of general ability from the MAB-II.
METHODS
Participants
Participants were 10,612 US Air Force pilot candidates tested on both the MAB-II and MicroCog. For those reporting demographic data, 91% were male and 84% were Caucasian. The mean age was 22 years (SD = 2.7). All were either college graduates or enrolled in their junior or senior year of college. Test administration occurred during Medical Flight Screening (King & Flynn, 1995) prior to entry into pilot training.
Measures
MAB-II.
The MAB (Jackson, 1984 ) is a broad-based test of intellectual ability patterned after the Wechsler Adult Intelligence Scale -Revised (WAIS-R; Wechsler, 1981) . It has 10 subtests that produce three summary scores: verbal IQ (VIQ), performance IQ (PIQ), and fullscale IQ (FSIQ). Previous research has demonstrated that the FSIQ score measures g in several age groups Kranzler, 1991; Lee, Wallbrown, & Blaha, 1990; Wallbrown, Carmin, & Barnett, 1988 , 1989 . The full scale IQ scores for the MAB and WAIS-R are strongly correlated (r = .91; Conoley & Kramer, 1989; Jackson, 1984) . The MAB was reviewed and restandardized in 2003 to ensure that it continued to effectively measure g. The result was the MAB-II, a computerized version of the test that could be individually or group administered (Jackson, 2003) . Retzlaff, King, and Callister (1995) compared a paper-and-pencil version of the MAB to the computerized version and found no significant differences between them.
The MAB-II normative subtest scores have a mean of 50 and SD of 10. The normative VIQ, PIQ, and FSIQ scores have a mean of 100 and SD of 15. The test manual has well-documented internal consistency, test-retest reliability, and validity coefficients. Table 1 contains a description of the factors measured, subtests associated with each factor, and the abbreviations for the factors and subtests. (Powell et al., 1993 ) is based on the theory of brain function and brain-behavior relationships (Kaplan, 1988) and is intentionally designed to produce measures of specific abilities. This process-oriented neuropsychological approach emphasizes the distinction among cognitive domains and their underlying cortical networks. It was designed as a screening device and diagnostic tool to be used during a neuropsychological assessment of cognitive functioning.
The MicroCog is computer administered and has 18 subtests that are combined to yield 5 firstlevel indices: Attention/Mental Control, Reasoning/Calculation, Memory, Spatial Processing, and Reaction Time. Second and third-level indices are differentially weighted aggregates of scores from all of the first-level indices. The first-level indices each have a mean of 100 and SD of 15. These scores have been statistically adjusted by the publisher for age and education level. The test manual has well-documented internal consistency, test-retest reliability, and validity coefficients (Powell et al., 1993) . Table 2 describes the general neuropsychological aptitudes and their abbreviations for the first-level indices. 
Procedure
Participants were administered both tests prior to attending pilot training, as a routine part of Medical Flight Screening. The tests were not used for selection purposes. Rather, they were administered to capture a baseline and then archived in the event of a need to assess the individual in the future (King & Flynn, 1995) . The variables chosen for analysis were the 10 MAB-II subtests and 5 MicroCog first-level indices. The MicroCog second and third-level indices cannot be analyzed simultaneously with the first-level indices because they are differentially weighted composites of the first-level indices and thus are redundant with them.
Because the participants were a highly selected group, their test scores generally have a high mean and reduced variability compared to the applicant pool. Statistics computed on these scores suffer from range restriction which causes statistical estimates to be biased with respect to population values (Bobko, Roth, & Bobko, 2001 ). The multivariate correction for range restriction (Lawley, 1943) was applied to the data. The MAB-II normative sample (Jackson, 1998) provided the means, SDs, and correlations used for the correction. The corrected data are superior estimates of the population values compared to the uncorrected values. This removes the bias from the selected sample estimates. The corrected values were used to conduct CFAs.
CFAs were conducted in three interdependent steps using Lisrel 8.7 (Jöreskog & Sörbom, 1996) . Estimation used covariance matrices and maximum likelihood methods. First, a CFA measurement model was specified and tested for the 10 MAB-II subtests. Next, a measurement model for the 5 MicroCog scores was specified and tested. Following this, the MAB-II and MicroCog measurement models were applied to the sample that had taken both tests to determine the relationships among the factors.
Several goodness-of-fit indices were used to evaluate the measurement models: comparative fit index (CFI), goodness-of-fit index (GFI), root mean square error of approximation (RMSEA), and critical N (CN). Based on best practices (Lance & Vandenberg, 2009) The MicroCog measurement model was based on an inspection of the correlations of the test scores. The positive manifold of the matrix strongly suggested a one-factor model.
The correlations of all the factors were estimated for participants who had taken both tests.
Because the measurement models for the tests were evaluated independently, the goodness-of-fit estimates were not informative for the analysis having both measurement models in which the between-test factor correlations were estimated.
To estimate the proportion of g measured by each test, the first unrotated principal factor was computed independently for each test. The percent of variance associated with the first unrotated principal factor is an indication of how much the test measures g (Ree & Earles, 1991) . Table 3 provides the means, SDs, and correlations for the two tests after the data were corrected for range restriction. Observed correlations are below the diagonal and corrected correlations above it. All of the observed correlations except one were positive (r = -.01), showing the scores were related to one another in the expected fashion. All of the corrected correlations were positive. Cohen's (1988) standards converting correlations to effect sizes (d) were adopted for interpretation. Correlations categorized as (a) small (r = .10 to .23) have effect sizes, d, of .20 to . 
RESULTS
MAB-II and MicroCog.
The corrected correlations within each test and between the tests showed positive manifold, suggesting a common factor for all measures. The smallest between test correlation was for Reaction Time and Vocabulary (r = .07); the largest was for Memory and Similarities (r = .67).
Confirmatory Factor Analysis
A key purpose of this study was to examine the similarity or dissimilarity of the constructs measured by the MAB-II and the MicroCog. CFA parameter estimates converged quickly, indicating no statistical problems. As shown in Table 4 , the fit of the model to the data was good for both tests. Figure 1 shows the factor loadings and correlations between the factors for the MAB-II. Figure 2 shows the factor loadings for the MicroCog.
Figure 1. MAB-II confirmatory factor model.
The MAB-II model suggested by the publisher consisted of two correlated factors interpreted as Verbal (FVIQ) and Performance (FPIQ). The 5 MicroCog indices contributed to a single factor. Figure 3 shows the joint factor structure and correlations among the factors. The correlations were high and positive, affirming the commonality of measured constructs. Figure 4 shows the hierarchical factor structure of the first-order factors of the MAB-II and the MicroCog, with g at its apex. Principal factors analyses were conducted to determine the common variance in each factor attributable to g (Ree & Earles, 1991) . The common variance in the MAB-II FVIQ and FPIQ factors were 52% and 45%, respectively. The proportion of the common variance in the scores due to g was 48%, for all 10 MAB-II subtests. The MicroCog reports 5 first-level indices. The proportions of common variance for the indices were; Reasoning, 42%, Attention, 41%, Memory, 38%, Spatial, 29%, and Reaction Time 13%. Fully 52% of the common variance for all five MicroCog indices was due to g. \
DISCUSSION
Over the last century, theories of ability progressed from two factors (g and s) to multiple factors and, finally, to hierarchical factors that influenced lower-order factors. The current study examined the similarity of two tests designed using two different theories of ability. These two theories were developed from very different assumptions about the nature of abilities. One test was based on individual differences psychometric theory while the other was based on a specific abilities theory grounded in brain-behavior relationships. Correlational results indicated that positive manifold occurred for both tests for both the observed and corrected correlations. Positive manifold can be used to guide analyses because it is indicative of a general factor such as g. CFAs were conducted to determine whether the theoretical bases underlying the construction of the two tests produced similar or different constructs. The measurement models for each test fit the data well.
Examination of the three factors derived from the MAB-II and MicroCog CFAs showed strong correlations between the single MicroCog factor and the MAB PIQ (r = .92) and VIQ (r = .86) factors. These correlations among the first-order factors suggested substantial overlap of constructs measured and that a higher-order factor influenced all of the lower-order factors.
The proportion of variance due to g was consistent with previous studies Ree & Carretta, 1994) , in which the common variance (g) accounted for about half or more of the variability in the scores. The difference in the proportion of variance due to g between the two tests was very small, indicating they each measure g in about the same amount. The similarity of the constructs measured was further reinforced when the hierarchical g factor was included in the joint model. The g loading of each of the three lower-order factors approached or was equal to 1. These results indicated that ability tests constructed using two different theoretical approaches produced very similar results. Other studies have compared tests developed from an individual differences psychometric approach to tests based on other approaches such as cognitive components (Stauffer et al., 1996) and individual differences processes theory (Keith et al., 2001) . The current study compared a test developed from an individual differences psychometric theory to one based on a theory of brain-behavior relationships. The theories of cognitive components, processes, and brainbehavior relationships are all theories of specific abilities. Despite different theoretical approaches to test development, the resultant tests measured a well-known construct, g.
One explanation for the consistency of these results can be found in what Spearman (1923) called the "indifference of the indicator" or "indifference of the fundaments." This means that test content is not fundamental to the measurement of g. It is the vehicle that allows for the expression of relationships and differences measured in cognitive ability tests. Indeed, cognitive ability can and has been measured with verbal, quantitative, and spatial test items of widely varying content. Tests of reasoning such as Raven's Matrices (Raven, 1939) have no verbal or quantitative content, and little spatial content yet it measures g. Chronometric measures (i.e., cognitive speed) requiring no verbal, quantitative, or spatial content also have been shown to measure g (Jensen, 2006) . Hence, indifference of the indicator has been firmly established in empirical studies and was confirmed in the current study.
These findings add to both test development theory and the use of cognitive tests. The accumulation of research evidence shows that despite attempts to develop measures of specific ability, g accounts for about 50% of the variance in cognitive ability tests. Variance due to specific abilities may be present in much smaller quantities. Even tests designed to measure specific abilities have been shown to measure g.
In a recent examination of the empirical evidence on general and specific cognitive abilities, Ree et al. (2013) called for researchers intent on developing new theories and measures of specific abilities to provide empirical evidence that: (1) the specific abilities exist independent of wellknown constructs such as g; and (2) the specific abilities are not combinations of specific variance and variance due to g. This research contributes to the theoretical understanding of cognitive ability tests and their structure by demonstrating empirically that the MicroCog, designed to measure specific cognitive abilities, measures g in about the same proportions as a test developed to measure mostly g. This is consistent with Spearman's (1923) "indifference of the indicator" concept.
The implications for testing practice are equally compelling. Evidence suggests that measures of g used for selection provide the strongest prediction of occupational and educational criteria (Hunter, 1986) . Specific abilities add little to g for the prediction of training or job performance (Jensen, 1980 (Jensen, , 1998 McNemar, 1964; Ree & Earles, 1991 Schmidt & Hunter, 1998) . For practical purposes, an important distinction must be made between specific abilities and specific knowledge. Specific ability should not be confused with specific knowledge, which can be incremental to the predictive validity of g. General cognitive ability is required to acquire specific knowledge about a particular field and g is a precursor to the acquisition of specific knowledge (Hunter, 1986; Ree et al., 1995) . Resources spent developing measures of specific ability for purposes of selection might be better allocated to the development of measures of specific knowledge.
